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摘要 
I 
摘要 
集成电路的发展使传感器节点拥有感知、处理和通信的功能，这使得无线传
感网络得以快速发展并且广泛应用于远程环境监测、目标跟踪等领域。但无线传
感网络的发展受到了能量和环境的制约，因此以节省能耗为目的通过消除数据冗
余获得高效的数据采集压缩方案是无线传感网络重要的研究目标。考虑到上述传
感网络的特殊性，找到传感网络的数据压缩方法以减少存储和通信压力是十分必
要的，这一直是人们研究的重点难题。压缩感知的出现为无线传感网络数据收集
提供了一种创新性的数据收集方案，突破了传统信号处理中奈奎斯特采样定理的
限制。将压缩感知和分布式压缩感知应用于传感网络的数据处理中，可以同时实
现对数据的采集与压缩，减少了采集、处理及传输的数据量，能有效的提高传输
效率，节约网络能量。利用压缩感知和分布式压缩感知技术对信号进行编码与传
输，最后在计算能力较强的终端重构信号，就可以保证系统性能并延长网络寿命。
性能仿真实验分析验证了此方法的可行性和有效性。 
本文利用传感器节点感知数据的时间相关性、空间相关性和时空相关性结合
压缩感知和分布式压缩感知技术，研究了不同应用场景下相关数据的采集和压缩
算法。分析了不同的稀疏模型，研究适用于不同场景模型的测量矩阵、稀疏矩阵、
采样频次，采样时刻等。在保证收集数据精确度的前提下，达到减少网络数据传
输量，降低网络能耗的目的。本文主要研究内容如下： 
(1)对无线传感网络系统进行了详细分析，重点描述了该网络的体系结构，
特征,及数据收集模型。 
(2)将压缩感知和分布式压缩感知应用到传感网络的数据收集和压缩中。从
稀疏表示、观测投影与信号重构三个方面进行原理分析建立了压缩感知数据收集
模型。对无线传感网络和水下传感网络的压缩感知数据采集方法进行建模分析。
仿真验证该方法能保证性能的前提下，有效减少数据采集量，提高网络效率。 
(3) 从稀疏和观测两方面优化压缩感知在无线传感网络数据压缩中的应用。
在此基础上提出基于快速傅立叶变换（FFT）基和分数阶傅立叶变换基(FRFT)
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实现数据稀疏化的方法，并进行算法仿真。提出基于改进的几种测量矩阵，包括
随机矩阵、二进制矩阵、确定性随机矩阵和动态采样矩阵，利用仿真实验验证各
测量矩阵的可行性，并将其进行了性能对比分析。 
(4) 研究传感网络单节点采集数据的时间相关性，并将压缩感知利用到单节
点的数据采集过程，提出一种基于压缩感知的分段动态采样策略。从采样次数和
采样时刻两方面设计采样策略，消除时间冗余，并对不同的采样策略进行了性能
对比分析。 
(5) 详细分析了分布式压缩感知的基本原理，针对相邻传感节点感知数据的
空间相关性，建立消除空间冗余的分布式压缩感知数据压缩模型。针对单节点连
续时间感知数据的时间相关性，构造测量矩阵和稀疏策略，提出基于时间相关的
动态采样策略。针对多节点连续时间采集数据的时空相关性，提出分布式压缩感
知时空动态采样策略和小波二次数据压缩算法。利用实验数据进行仿真实验，验
证了减少数据收集和传输量设计方案的可靠性能。 
最后，对全文进行了总结，对研究成果进行了总结，对未来研究提出了展望。 
关键字：传感网络；压缩感知；时空相关；分布式压缩感知 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
ABSTRACT 
III 
ABSTRACT 
Along with the development of integrated circuit, sensor nodes have sensing, 
processing and communication functions. This enables the rapid development of 
wireless sensor networks which are widely used in remote environmental monitoring, 
target tracking, and other fields. Saving energy and reducing data redundancy are the 
design goal of wireless sensor network. Taking into account the special nature of the 
sensor network, finding innovative data compression method to reduce storage and 
communication pressure is necessary. Data compression is an important means to 
solve the above problems. Compressed sensing technology provides an innovative 
means of data acquisition, which breaks the traditional Nyquist sampling theorem. 
Compressed sensing technology can simultaneously accomplish sampling and 
compression. It can reduce the redundancy, and effectively solve the problem of 
information acquisition and transmission bottlenecks under resource-constrained 
sensor networks. Then the teminal which has a strong computing power can 
restructrure the original data. The performance of wireless sensor networks and the 
lifetime of the network both can be improved.The simulation experiments verify the 
feasibility and effectiveness of the method. 
Because the sensor nodes have spatial and temporal correlation，a novel data 
capture and compression methods combined with compressive sensing and distributed 
compressive sensing under different scenarios is proposed. We construct different 
sparse sampling strategy using different data model. In this way, not only the amount 
of data transmission can be reduced, but also the energy consumption can be reduced. 
In this paper, the main research contents are as follows: 
(1) The wireless sensor network has been studied in detail. We focus on 
researching the architecture and data collection model of the network. 
(2) Compressive sensing and distributed compressed sensing are applied in 
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sensor network data collecting and compressing. From three aspects of the sparse 
representation, measurement, signal reconstruction projection principle, we analysis 
and establish the data collecting model baded on compressed sensing. We build the 
compressed sensing model of data collection. The simulation results show that the 
method of collecting can reduce the amount of data acquisition, improve network 
efficiency under the premise of guaranteeing the performance. 
(3) Data compression scheme for Wireless Sensor Networks is optimized by 
using sparse representation and observation. So the sparse representation methods 
based on fast Fourier transform and frational Fourier transform are proposed. And we 
verify the feasibility of the algorithm. Then several improved measurement matrix are 
proposed, such as binary matrix, random matrix, stochastic matrixs and dynamic 
sampling matrix. The simulation experiment verifies the feasibility of the matrix and 
compares the performance of them. 
(4) Then the time correlation of the data collected from singal sensor node in 
continuous time are researched. In order to eliminate the time redundancy, a kind of 
dynamic segmentation sampling strategy based on compressed was adopted. The 
design of sampling strategy will take into account the sampling frequency and 
sampling time. The simulation compares the performance of the different sampling 
strategies. 
(5) In this paper, we analyze the basic principle of the distributed compressed 
sensing. Accoding to the spatial correlation of the neighboring sensor nodes, we build 
a data compression model based on distributed compressed sening to eliminate the 
spatial redundancy. The temporal correlation was used to struct measurement matrix. 
So samping algorithm based on distributed compressed sensing and data compression 
algorithm based on two-dimensional wavelet transform are proposed. The simulation 
expreriment used real data to verify the reliability and analysis the effect of these two 
methods in reducing the amount of data collection and transmission. 
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At Last, we summarizethe paper, indicate innovation and shortage and look 
forward to the future research. 
Keywords: Sensor Networks; Compressed Sensing; Spatial and Temporal Correlation; 
Distributed Compressed Sensing; 
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